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Detailed protocol 


This protocol enables the detection of cytotoxic edema formation with 10-second time resolution diffusion-weighted imaging (DWI) after middle cerebral artery 
occlusion (MCAO) in mice. 


MCAO surgery (Macrosphere injection model) 
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. A ketamine/xylazine-anesthetized animal (C57BL6/J male mouse, 8 weeks old) was laid on its back on a heating pad. 
2: 


A surgical midline incision was made from the clavicle to the chin to expose the right common carotid artery (CCA), internal carotid artery (ICA), and 
external carotid artery (ECA). 


. The distal side of ECA and proximal side of CCA were ligated using 7-0 silk suture. 

. The distal side of the ICA was clamped using a micro clamp (B-1, Fine Science Tools). 

. Asmall incision was subsequently made in the proximal portion of the CCA. 

. A2m-long PE-10 polyethylene tube (PE-10, Beckton-Dickinson) filled with heparinized saline and six macrospheres (200 ym in diameter) was inserted 


into the CCA, and the clamp was subsequently removed. Tube length was dependent on the scanner environment. The opposite end of the tube was 
connected to a 1mL syringe filled with heparinized saline. 


. The tubing was secured in position using a 7-0 silk suture. 
. The skin incision was closed with 5-0 suture. 


Diffusion-weighted MRI scan 


1. 


MRI was performed using a 9.4-tesla animal scanner (BioSpec 94/30 USR, Bruker BioSpin, Ettlingen, Germany) equipped with a cryogenically cooled 
quadrature-resonator (CryoProbe, Bruker BioSpin, Ettlingen, Germany). 


. CCA catheter cannulated mice were placed on an MR-compatible stereotactic holder with ear bars (Bruker) to minimize head movement during 


scanning. 


. Body temperature was maintained at 37°C with hot water circulators, and respiratory rate was monitored using a remote system (SA Instruments, NY, 


USA). 


. All required adjustments (tuning, matching, shim adjustments) and Tz-weighted TurboRARE were performed within 15 minutes after CCA catheter 


placement. If the T>-weighted image showed abnormal structure (e.g. ventricular enlargement), the animal was excluded. 


¢ TurboRARE: TR/TE: 8000/36 ms, Matrix 384 x 256, field of view (FOV) 19.2 mm x 12.8 mm, number of average (NEX) 1, 48 horizontal slices, 
slice thickness = 0.2 mm 


. Single-shot echo-planar diffusion weighted MRI (EPLDWI) was performed continuously. Each measurement required 10 seconds. 


e EPI-DWI: TR/TE 2500/20 ms, NEX 1, FOV 18 mm x 15 mm, Matrix 108 x 96, 8 axial slices, slice thickness 0.8 mm. Z-direction motion probing 
gradient (MPG) was acquired with multiple b values (0, 100, 400, and 1000 s/mm?) 


. Thirty baseline images were acquired before MCA occlusion. 
. At the end of the 30th baseline scan, the macrospheres were advanced into the ICA via an injection of 0.02 ml heparinized saline. Animals remained in 


the same position within the magnet during occlusion. 


. Immediately after macrosphere delivery, MCA occlusion was confirmed by flow-compensated time-of-flight MR angiography (TOF-MRA) scans. This scan 


lasted 30 seconds. If MRA did not show complete occlusion of the MCA, the animal was excluded. 
e¢ Flow compensated TOF-MRA: TR/TE 10/2.4 ms, Matrix 192 x 128, FA 80, FOV 19.2 mm x 12.8 mm, NEX 1, 10 horizontal slices (covered 
around circle of Willis and MCA), slice thickness = 0.3 mm 


9. DWlscans restarted and continued over 360 measurements, with each measurement lasting 10 seconds. 


. Animals were euthanized immediately after MRI scanning. 


Image processing 
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2. ADC-map time series data were motion corrected using Advanced Normalization Tools (ANTs) normalization software (Avants et al., 2008, Avants et al., 
2014). 


Materials 


¢ 1mL syringe 

e PE-10 tubing 

e heparinized saline 

e macrospheres (200 um in diameter) 
e 7-0 silk suture 

e 5-0 suture 


Images 
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Acute cytotoxic edema could be detected as a hyperintense signal in DWI images and corresponding lower values on the ADCmap. Time course signal 
changes can be seen in the videos. 


Videos 


DWI.mp4 — time course DWI signal change. Time indicates time after macrosphere delivery. DWI hyperintense signal could be seen in ipsilateral hemisphere 
as a spreading wave within 1 to 3 minutes after MCAO occlusion. 


ADCmap.mp4 — time course ADCmap change. ADC dropped as a wave started from the cortical surface and expanded throughout the ipsilateral 
hemisphere. 
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